Objective: A new risk stratification system was proposed to estimate the risk of recurrence in patients with differentiated thyroid carcinoma (DTC) using the response to initial therapy. Here, we describe the modified dynamic risk stratification system, which takes into consideration the status of serum anti-Tg antibody (TgAb), and validate this system for assessing the risk of recurrence in patients with DTC. Patients and methods: Patients who underwent total thyroidectomy with radioiodine remnant ablation due to DTC between 2000 and 2005 were included. We classified patients into four groups based on the response to the initial therapy ('excellent', 'acceptable', 'biochemical incomplete', and 'structural incomplete' response). Results: The median follow-up period of 715 patients with DTC was 8 years. The response to initial therapy was an important risk predictor for recurrent/persistent DTC. The relative risks (95% CI) of recurrence were 16.5 (6.3-43.0) in the 'acceptable response ' group, 41.3 (15.4-110.8) in the 'biochemical incomplete response' group, and 281.2 (112.9-700.5) in the 'structural incomplete response' group compared with the 'excellent response' group (P!0.001, P!0.001, and P!0.001 respectively). The disease-free survival rate of the 'excellent response' group to initial therapy was 98.3% whereas that of the 'structural incomplete response' group was only 6.8%. Conclusions: Our study validates the usefulness of the modified dynamic risk stratification system including the status of serum TgAb for predicting recurrent/persistent disease in patients with DTC. Personalized risk assessment using the response to initial therapy could be useful for the follow-up and management of patients with DTC.
Introduction
The practical and effective risk stratification system is essential for the individualized assessment and management of patients with differentiated thyroid carcinoma (DTC). Over the last decades, a number of studies have identified various clinicopathological risk factors and suggested staging systems to distinguish low-risk patients from high-risk patients (1, 2, 3, 4, 5, 6 ). The survival rate for patients with DTC is usually excellent and only a small percentage of patients die due to DTC (7, 8) . A recent study estimated the 10-year probability of death resulting from thyroid cancer to be 3% (9) . Therefore, the risk stratification system predicting the recurrence of DTC could be more practical for clinicians to identify high-risk patients and to provide more personalized management of the disease.
The American Joint Committee on Cancer (AJCC)/ International Union against Cancer (UICC) Tumor Node Metastasis (TNM) staging system is commonly used in clinical practice and to predict the risk of disease-related death (6) . However, the TNM staging system is not appropriate for assessing the risk of DTC recurrence (1, 10) . To improve prognostication and follow-up management for patients with DTC, the American Thyroid Association (ATA) recommended the use of a new postoperative clinicopathological staging system (1) . The ATA risk stratification system is a comprehensive approach that includes postoperative pathology analysis, radioiodine therapy, and serum thyroglobulinemia. However, the ATA risk stratification system neither defines the specific thyroglobulin (Tg) level nor describes serial ultrasonography (US) results for assessment of the risk of recurrence. Moreover, the risk of recurrence and death may change over time depending on the response to therapy and the clinical course of the disease.
Recently, the dynamic risk stratification system, which reassesses the risk of recurrence using the level of serum Tg and results of follow-up diagnostic images as markers of the response to initial surgery and radioactive iodine (RAI) remnant ablation, was described (11, 12) . This system classified patients into four categories by disease status during the first 6-24 months after initial treatment. This practical approach effectively estimates the risk of recurrent disease in DTC patients. This system has been validated in three large cohort studies in the United States and Brazil (11, 12, 13) . However, this dynamic risk assessment did not take into consideration the status of serum anti-Tg antibody (TgAb) even though 10-25% of patients with DTC have a positive serum TgAb level (14) . Delayed risk stratification, proposed by Castagna et al. (15) , also did not include patients with a positive serum TgAb level.
In this study, we describe the modified dynamic risk stratification system, which includes the level of serum TgAb, and analyze this system for assessing the risk of recurrence/persistence in patients with DTC at a single tertiary referral hospital in Korea. We also evaluated the relative importance of this system for predicting prognosis compared with TNM staging and ATA risk classification.
Subjects and methods

Patients
From 2000 to 2005, 1296 patients with DTC who underwent first surgery at the Asan Medical Center (Seoul, Korea) were retrieved from a historical cohort. Patients were treated by total or near total thyroidectomy with subsequent RAI ablation therapy according to a protocol established by the Endocrinology Division of the Asan Medical Center (Seoul, Korea) (16) . Patients with anaplastic, poorly differentiated, or medullary thyroid carcinoma were excluded. Patients with a tumor size of !1 cm (nZ366) or without adequate follow-up data for determining dynamic risk stratification (nZ215) were also excluded. A total of 715 patients were eligible for this study. This study was approved by the Institutional Review Board of the Asan Medical Center.
Follow-up protocol to detect recurrence
After remnant ablation, all patients were prescribed levothyroxine for TSH suppression and were regularly followed-up with physical examination. The level of serum Tg and serum TgAb was measured every 6-12 months. The level of serum-stimulated Tg after thyroid hormone withdrawal was measured within 2 years after remnant ablation. A TgAb value exceeding 60 IU/ml was considered to be positive for interfering with the Tg measurement. Neck US and diagnostic radioiodine whole-body scan (WBS) were done during the first 6-24 months after initial therapy and repeated at 12-to 24-month intervals. Additional diagnostic imaging studies, such as computed tomography, magnetic resonance scan, or whole-body fluorodeoxyglucose (FDG)-positron emission tomography (PET) scan, were also performed in some patients as needed.
Definitions of clinical outcomes
Patients with an undetectable level of serum-stimulated Tg (!1 ng/ml), negative TgAb, and no suspicious structural disease at the end of the follow-up period were considered to have no clinical evidence of disease (NED). Patients were considered to have persistent disease if the suppressed or stimulated Tg level was R1 ng/ml or if suspicious structural disease was seen on images. The recurrence was defined as a newly developed biochemical (suppressed or stimulated Tg level R1 ng/ml) or structural disease on images after the NED period. Patients with persistent disease were classified as having either biochemical persistent disease or structural persistent disease. Biochemical persistent disease was defined as a persistently elevated suppressed or stimulated Tg level R1 ng/ml without structural evidence of disease. Structural persistent disease was defined as pathologically or cytologically proven malignant tissue and/or highly suspicious metastatic lesions by imaging studies such as neck US, WBS, or FDG-PET scan.
Risk stratification by each classification
We categorized eligible patients according to the sixth edition of the AJCC TNM staging system (stages I, II, III, and IV) and the ATA risk classification (low, intermediate, and high risk of recurrence) (1) . We also classified patients by the response to initial therapy using the levels of serumstimulated Tg and TgAb and the results of neck US and diagnostic WBS 6-24 months after initial therapy.
An 'excellent response' was defined as a negative serum-stimulated Tg level (!1 ng/ml) with the absence of serum TgAb (!60 IU/ml) and no suspicious metastatic lesions by imaging. An 'acceptable response' was defined as negative findings by imaging with a low serumstimulated Tg level (1-10 ng/ml) or the presence of serum TgAb (R60 IU/ml) because patients with positive serum TgAb showed a similar disease-free survival (DFS) rate as patients with a low serum-stimulated Tg level (1-10 ng/ml) ( Fig. 1) . A 'biochemical incomplete response' was defined as a high serum-stimulated Tg level (R10 ng/ml) without any evidence of structural metastatic lesions by imaging. A 'structural incomplete response' was defined as the presence of a known metastatic lesion or a newly developed suspicious metastatic lesion by imaging. We adopted the definition of the dynamic risk stratification system by Tuttle et al. (11, 12) . However, we also took into consideration the levels of serum TgAb during our analysis. We did not include the level of suppressed Tg or changes in the Tg level as a risk classifier. This modified definition of dynamic risk stratification system is shown in Table 1 .
Statistical analysis
We used R version 2.13 and R libraries survival, car and Cairo to analyze data and draw graphs (R Foundation for Statistical Computing, Vienna, Austria, http://www.Rproject.org). Continuous variables were presented as medians with interquartile range (IQR) and categorical variables were presented as numbers with percentages.
The primary endpoint of this study was the structural recurrence or persistence after initial therapy, pathologically proven malignant tissue and/or metastatic lesions in other distant organs by imaging studies.
A Cox proportional hazard model was used to evaluate the risk of structural recurrence/persistence of disease. DFS curves were constructed using the Kaplan-Meier method, and the log rank test was used to evaluate differences in DFS between groups. The relative importance of each risk stratification was determined by calculating the proportion of variation in survival time explained (PVE) by (4, 17) . The PVE (%) ranges from 0 to 100 and the higher PVE value suggests the more accurate predictability of risk of recurrence. DFS curves were also constructed using the Kaplan-Meier method. All P values were two sided with P!0.05 considered statistically significant.
Results
The median follow-up period of 715 patients was 8 years (IQR 6.3-9.3). The median age of the patients was 46.2 years (IQR 37.1-54.7) and 622 patients (87%) were female. The median dose of administered radioiodine was 5.6 GBq. The majority of patients had papillary thyroid carcinoma (PTC, 95%) including variant types of papillary carcinoma, while a small percentage of patients had follicular thyroid carcinoma (2%), Hűrthle cell carcinoma (1%), or a mixed type of thyroid carcinoma (2%). At the time of last follow-up, 552 patients (88%) were NED, 156 patients (22%) had persistent disease, and seven patients (1%) showed recurrent disease ( Table 2) . The primary endpoint, structural recurrent/persistent disease, was found in 132 patients (18%) during the follow-up period. Most of the structural recurrent/persistent disease was confined to the cervical lymph nodes in these patients (nZ100; 76%). Seven patients (1%) with structural persistent disease died due to the progression of DTC. The median period from initial therapy to the detection of structural recurrent/persistent disease was 2.8 years (IQR 1.4-4.8).
As shown in Table 3 , the TNM staging system classified patients into stage I (nZ348; 49%), stage II (nZ32; 4%), stage III (nZ271; 38%), and stage IV (nZ64; 9%). DFS rates were 83.0% in stage I, 58.8% in stage II, 85.6% in stage III, and 22.3% in stage IV at the end of the follow-up period ( Fig. 2A, c   2 
Z10
.06, PZ0.002). Structural recurrent/ persistent disease was more prevalent in stage II patients compared with stage III patients because 17 patients (53%) in stage II had distant metastasis. The PVE value of the TNM staging system was 8.68%, and it was the lowest value among the three risk stratification systems (Table 3) .
When we classified patients according to the ATA risk classification, 88 patients (12%) belonged to the low-risk group, 578 patients (81%) belonged to the intermediaterisk group, and 49 patients (7%) belonged to the high-risk group. The risk of recurrence/persistence was significantly higher in intermediate-risk (HRZ15.34, PZ0.007) and high-risk groups (HRZ106.16, P!0.001) than in the lowrisk group. The ATA risk classification clearly predicted the risk of DTC recurrence/persistence in our study subjects, especially in the low-risk group. DFS rates were 98.7% in the low-risk group, 78.7% in the intermediate-risk group, and 33.8% in the high-risk group at the end of the followup period as shown in Kaplan-Meier curves for DFS (Fig. 2B, c 2 Z74.96, P!0.001). The PVE value of the ATA risk classification was 12.14% (Table 3) . The modified dynamic risk stratification, including the level of serum TgAb, was also applied to our study subjects. Table 4 shows the clinical outcome at the end of the follow-up period according to the modified dynamic risk stratification. The number of patients in the four groups was as follows: an excellent response was obtained in 435 patients (61%), an acceptable response was obtained in 143 patients (20%), a biochemical incomplete response was obtained in 49 patients (7%), and a structural incomplete response was obtained in 88 patients (12%). DFS rates were 98.3% in patients with an excellent response, 71.6% in patients with an acceptable response, 54.2% in patients with a biochemical incomplete 
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Clinical Study M J Jeon and others Modified dynamic risk stratification of DTC 170:1response, and 6.8% in patients with a structural incomplete response (Fig. 2C , c 2 Z609.9, P!0.001). The risk of structural recurrent/persistent disease was significantly higher in acceptable responders (HRZ16.51, P!0.001), biochemical incomplete responders (HRZ41.33, P!0.001), and structural incomplete responders (HRZ 281.18, P!0.001) than in excellent responders. This risk stratification system had the highest PVE value (44.59%) among the three risk stratification systems (Table 3) . Furthermore, this PVE value was higher than the PVE value of dynamic risk stratification for patients that were negative for TgAb (Table 3) . We also applied this modified dynamic risk stratification system in each subgroup of patients according to the ATA risk classification. This dynamic risk stratification predicted recurrence/persistence in patients with intermediate-risk (P!0.001, Fig. 2E ) and high-risk groups (P!0.001, Fig. 2F ). As shown in Table 3 , patients belonging to the intermediate-risk group by the ATA classification were reclassified as an excellent response (nZ352, 61%), an acceptable response (nZ127, 22%), a biochemical incomplete response (nZ45, 8%), and a structural incomplete response (nZ54, 9%). The DFS rate was 97.9% in excellent responders, 71.9% in acceptable responders, 54.9% in biochemical incomplete responders, and 1.9% in structural incomplete responders (Fig. 2E) .
Discussion
This study demonstrated that the modified dynamic risk stratification system, which takes into consideration the level of serum TgAb, effectively estimated the risk of recurrence/persistence in patients with DTC. Most excellent responders did not experience structural recurrent/-persistent disease, whereas it was confirmed in 93.2% of patients with structural incomplete response at the end of the follow-up period. The ATA risk classification also effectively predicted the low risk of recurrent/persistent disease. There was only one recurrence in 88 patients belonging to the low-risk classification. However, our modified dynamic risk stratification reclassified the risk of recurrent/persistent disease in intermediate-and highrisk groups according to the ATA risk classification. The TNM staging system was not appropriate for estimating the risk of recurrence/persistence in our study and this finding was consistent with previous reports (1, 18) . We also calculated PVE values, and the modified dynamic risk stratification had the highest PVE value compared with the TNM staging system and the ATA risk classification system. This new and practical dynamic risk stratification system was proposed by Tuttle et al. in 2010 (11) . This system included the clinical status of the disease, the level of serum Tg, and the results of cross-sectional images (11, 12) . The level of serum Tg is a well-known tumor marker for the patients with DTC, and we showed that only about 1% of DTC patients who had a serumstimulated Tg level !1 ng/ml at 1 year after initial treatment developed recurrent disease (19, 20) . However, the prognostic value of serum Tg measurement was limited in the presence of TgAb because of false-negative results owing to TgAb interference with immunometric assay (14, 21) . We also suggested that the level of serum TgAb and a change in the serum TgAb concentration could be a prognostic indicator during the early postoperative period. Therefore, we included the level of serum TgAb in our modified dynamic risk stratification and validated this system in our cohort (22) .
The prevalence of positive serum TgAb in patients with DTC is 10-25% and is about twofold higher than in the general population (14, 21) . The timing of TgAb measurement is likely to affect the prevalence of positive serum TgAb level because TgAb decreases and eventually disappears as it removes the antigenic stimulus from Tg after initial therapy (22) . A previous study reported that TgAb continuously decreased in most patients after surgery and the prevalence of positive serum TgAb decreased to !10% after 3 years (23) . In this study, the prevalence of positive serum TgAb was 15% at the time of the remnant ablation and decreased to 5% at the time of restratification, 6-24 months after initial treatment. Thus, the rate of TgAb positivity in this study may be underestimated because of a delay in TgAb measurement.
The proportion of patients in low-and high-risk groups according to the ATA risk classification was (D) DFS curves using the modified dynamic risk stratification in patients belonging to the ATA low-risk group (PZ0.703).
12 and 7% respectively in this study. These values are much lower than previous reports using the dynamic risk stratification system (11, 12, 13) . We excluded patients with microcarcinomas in this study because of the controversy in using remnant RAI ablation for patients with microcarcinoma (24, 25, 26) . Moreover, we only included patients who underwent surgery between 2000 and 2005 because routine neck US was performed during follow-up after 2000. This could be the reason for the low number of patients in low-and high-risk groups. More intensive examination of pathological specimens could also be another possible reason for the low number of patients in the low-risk group. Identification of small lymph node metastases, single microscopic extrathyroidal extensions, or vascular invasions can change the risk of recurrence from low to intermediate unnecessarily (18) . In this regard, the dynamic risk stratification system is a simple and practical system that could overcome weak points of initial pathological staging by reflecting clinical disease status with highly sensitive neck US and the level of serum Tg and TgAb. This approach may help to tailor management of the disease.
This study has several limitations. First, we could not validate the dynamic risk stratification system for patients who did not receive RAI ablation therapy or for those who did lobectomy because we only included patients who underwent total or near total thyroidectomy followed by RAI ablation, which made relatively homogenous characteristics and less confounding factors for analysis. A recent study suggested that the serum Tg level may also be useful during the follow-up period and it can predict outcomes for patients who did not receive RAI ablation therapy (27) . In this regard, further studies are required to validate whether the dynamic risk stratification system could be useful for patients who did not receive RAI ablation therapy. Secondly, most of the patients in this study had PTC (95%) and the proportion of PTC was much higher than in prior studies (11, 12) . This is an epidemiological characteristic of Korean patients with thyroid carcinoma (28), but we suggest that this dynamic system could be applicable to general DTC patients. The relatively shorter follow-up period (median 8 years) is also a limitation of the current study.
The strength of this study is that all patients received their initial therapies, including surgery and RAI therapy, at our center. Therefore, we can minimize the effects of many variable confounding factors, such as surgical skills, extent of surgery, strategies of RAI ablation, and so on.
In conclusion, we propose the modified dynamic risk stratification by including an additional variable of serum TgAb level to evaluate the risk of recurrent/persistent DTC. We have shown that this modified dynamic risk stratification effectively predicts the recurrence/persistence of DTC in patients who received total thyroidectomy followed by RAI ablation. This personalized risk assessment using the response to initial therapy could be useful for the follow-up and management of patients with DTC. 
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